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Experimental procedure
The rabbits were fixed and a median incision of neck made to expose right common carotid artery and trachea. After tracheotomy with a T-shape tube, the animals were allowed to breathe room air unassisted. Standard lead II of the surface electrocardiogram (ECG) was monitored. The side of right common carotid artery farthest from heart was ligated. Guided by continual pressure monitoring, a polyethylene catheter (diameter=2 mm, Chengdu Taimeng Technology Co. Ltd., China) was advanced slowly from the side of artery close to heart into the left ventricle. A trocar was advanced into the right femoral artery for sampling blood and measuring mean arterial pressure (MAP) and fixed on the skin. Ventricular fibrillation (VF) was induced with 50V alternating current delivered to the chest wall by two skin electrodes for 5 seconds (repeated if necessary until VF wave appeared in ECG and the trace of left ventricular pressure flattened). At the end of 1 minute interval of untreated VF, chest compression was initiated and continued. Coincident with the start of chest compression, mechanical ventilation started with a tidal volume of 15 ml/kg, frequency of 30 breaths /min and fraction of inspired oxygen 1.0, by the aid of a volume controlled ventilator (HX-200, Chengdu Taimeng Technology Co. Ltd, China). Then 2 ml of either epinephrine (10 µg/kg), or epinephrine (10 µg/kg) with esmolol (200 µg/kg) pretreatment was injected into the left ventricle. Defibrillation was attempted with a monophasic defibrillator (Model: TEC-7621C, Cardiolife Corp., Japan) between the right infraclavicular area and the cardiac apex with saline soaked paddles. Up to three shocks were administered with energy sequence (60 J-80 J-100 J). All animals resuscitated in 3 minutes. Restoration of spontaneous circulation (ROSC) was defined as the return of an organized cardiac rhythm with a MAP of 60 mmHg for at least 5 minutes.
Mechanical ventilation with 100% oxygen together with haemodynamic measurements was continued for a total of 4 hours after resuscitation. When spontaneous respiration returned, mechanical ventilation was stopped and the 100% oxygen was continued through a T-shaped tube. After ROSC, all animals were observed for 6 hours with no other drugs administered.
Measurements

BNP concentration
Before VF, 30 minutes after ROSC and at 60 minutes intervals following ROSC, blood samples were collected, placed into chilled glass tubes containing 0.3 mmol/L disodium EDTA 50 µl and aprotinin 1000 U, then centrifuged at 3000 rpm for 10 minutes at 4˚C. The plasma was stored at -80˚C until analysed. BNP was measured by a quantitative ELISA using commercially available kit specific for the cytokine of rabbits (Bionewtran Pharmaceutical Biotechnology Co.Ltd, USA).
Haemodynamic measurement
After ROSC, the haemodynamic measurements of ECG, left ventricular diastolic pressure (LVDP), peak positive first derivative of left ventricular pressure (peak+dp/dt) and peak negative first derivative of left ventricular pressure (peak-dp/dt) were continuously monitored and recorded on a four channel, physiological functional recorder (Chengdu Taimeng Technology Co.Ltd,China).
Statistical analyses
For measurements between groups, analysis of variance (ANOVA) and Student's t test were used.
Comparisons between time based measurements of each group were performed with ANOVA for repeated measurements. The outcome differences were analyzed with Fisher's exact test. Data were expressed as mean ± standard deviation (SD). P < 0.05 was considered statistically significant.
RESULTS
There were no significant differences between the two groups in baseline haemodynamics or BNP values at 15 minutes before induction of ventricular fibrillation. All animals regained spontaneous circulation.
Comparison of BNP concentration
The time course of BNP concentration is shown in Fig. and Table. In both groups, BNP concentrations at each hour after ROSC were higher than baseline, and remained elevated during postresuscitation period. The differences of the BNP concentrations between two groups were significant [(301±25) vs (258±37) after 30 minutes, P < 0.01; (262±31) vs (223±43) after 60 minutes, P < 0.05].
Comparison of haemodynamic values
After VF and successful resuscitation, the cardiac function was significantly reduced and progressively declined from baseline over 4 hours in all rabbits. Haemodynamic values after ROSC are shown in 
DISCUSSION
Our data indicate that esmolol, a short acting β 1 -adrenergic blocker, improves postresuscitation myocardial dysfunction and reduces BNP concentration during the early period of postresuscitation in the rabbit model. BNP secreted from ventricle increased rapidly in response to elevated left ventricular filling pressure and high BNP levels were seen in heart failure due to left ventricle dysfunction. Postresuscitation myocardial dysfunction was acutereversible stunning. In this study, BNP concentration was increased significantly after VF and CPR.
BNP was released from ventricular endothelium in response to ventricular stress, usually precipitated by either increased filling pressures or changes in ventricular compliance. A negative correlation between left ventricular ejection fraction (LVEF) and BNP plasma concentrations was noted. These stimuli of BNP production also caused various electrophysiological abnormalities favouring arrhythmogenesis in the failing heart. The measurement of BNP is a practical tool that can be used to facilitate diagnosis and prognosis, measure the severity of left ventricular compromise, and quantify the functional class, predict future cardiac events and evaluate the efficacy of therapy. [2] [3] [4] [5] [6] [7] [8] Some studies found that the value of BNP in plasma could be used as a marker to reflect myocardial dysfunction during severe sepsis and septic shock in intensive care unit. 9, 10 Our data showed that BNP concentrations increased dramatically after successful CPR from VF, and remained elevated during the early period of postresuscitation in rabbit models. The time course of the increase in BNP concentration approximated the time course of the decline in indices of LV function, such as peak +dp/dt and LVEDP. It implied an association between BNP and postresuscitation myocardial dysfunction in rabbits in the Fig. Some factors can worsen the severity of myocardial dysfunction, including vasoconstrictors, high energy defibrillation, and prolonged resuscitation efforts.
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The levels of vasoconstrictor norepinephrine and epinephrine rise to about 150 times baseline in the first few minutes following VF. Administered epinephrine can increase the myocardial oxygen requirement by its β-receptor effects. Furthermore, endogenous catecholamine secreted in maximal amounts increases the severity of myocardial ischaemia, and subsequently results in excessive β-adrenergic stimulation, which tend to increase further myocardial oxygen requirements. 12, 13 Tang et al 14 also observed the epinephrine treated animals required a larger number of electrical countershocks for conversion of VF to a regular rhythm, which might increase the severity of myocardial injury.
In some studies, noncardioselective β-adrenergic agents could reduce myocardial injury during the experimental cardiopulmonary resuscitation. 2, 3 Fen et al 15 found administration of β-adrenergic blocker propranolol before percutaneous coronary intervention (PCI) could protect the myocardium during PCI and significantly reduced the enzymatic incidence of myocardial infarction. A further study on β-adrenergic blocker, in rat ischemia/reperfusion hearts treated with atenolol, demonstrated a significant increase in recovery of the cardiac performance as reflected by recovery in LVDP, recovery in peak+dP/dt, and recovery in peak-dP/dt. 16 Esmolol was able to reduce maximal catecholamine production during prolonged VF and CPR. Therefore, catecholamine cardiotoxicity may be decreased after administration of esmolol, because the oxygen requirement was reduced and fewer numbers of electrical shocks were required for a perfusing rhythm. Therefore, it may assist in the recovery of cardiac performance in postresuscitated rabbits.
The differences of the BNP concentrations between two groups were significant, so prophylactic Esmolol might make a significant improvement in cardiac performance and protection of myocardium in rabbits.
